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COMPTROLLER GENERALrS 
REPORT TO THE CONGRESS 

DIGEST ------ 

WHY THE REVIEW W&5' MclDE 

At the request of the ChaIrman, 
Committee on Approprlatlons, House 
of Representatives, the General Ac- 
counting Office (GAO) rnqulred into 
selected aspects of computer- 
oriented war gaming, computer slm- 
ulatlons, and contract studies 
sponsored by the Department of De- 
fense (DOD) The resulting report, 
"Computer Simulations, War Gaming, 
and Contract Studies" (B-163074, 
Feb 23, 1971), discussed various 
aspects of the three areas and 
indicated that GAO intended to 
Initiate further Inquiries into 
selected subJects 

Since the development and operation 
of models represent a substantial 
cost of conducting computer slmula- 
tlons, war games, and contract 
studies and since the computer 
model is the basic tool in many 
DOD operations research and systems 
analysis study efforts, GAO re- 
viewed the development and use of 
computer models in DOD The re- 
view was made 

--To provide the Congress with in- 
formation concerning the charac- 
teristics and the use of computer 
models in the gaming and simula- 
tion activities of DOD 

--To apprise the Congress of cer- 
tain llmltatlons that GAO believes 

ADVANTAGES AND LIMITATIONS OF 
COMPUTER SIMULATION 
IN DECISIONMAKIYG 
Department of Defense B-163074 

are inherent in the application 
of operations research and sys- 
tems analysis techniques to 
defense decisionmaking 

Because of the widespread use and 
multlpllclty of models, GAO used 
a questionnaire to obtain infor- 
mation on model characteristics, 
costs, uses, strengths, and weak- 
nesses Initially, GAO indenti- 
fled about 450 active models 
within DOD and circulated the ques- 
tionnaire on 135 of these models. 

FINDINGS AND CONCLUSIONS 

Numerous models have been developed 
in DOD over the last 10 years to 
cover a broad spectrum of slmu- 
lated war, defense, and military 
problems GAO obtained data on 
132 models which represent a 
fairly complete picture of the 
modeling activity throughout DOD 
Some observations derived from 
GAO's analysis (see pp 9 to 78) 
were 

--Development of models was about 
equally divided between contrac- 
tor and in-house activities 

--Reported costs of building 104 
models totaled $28,805,500, and 
the average model cost was about 
$276,900 The cost of lndlvl- 
dual models ranged from about 
$1,200 to $3 million 
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--BulldIng a model 1s generally a 
lengthy undertaking The aver- 
age reported development time 
was 18 months, some models were 
under development for as long 
as 7 years 

--Many models were related to pre- 
vlously developed ones and 
formed the basis for follow-on 
models 

--Independent checks were not made 
to insure the accuracy, timelI- 
ness, conslstencys and overall 
quality of the data used in about 
one-third of the models 

--TechnIcal, doctrinal, and force- 
structure evaluations were the 
principal stated purposes for 
building models, models were 
then used to answer specific 
questions and to study operational 
problems in five maJor areas 
loglstlcs operations, ground 
combat, nuclear exchange, air 
warfare, and naval warfare 

Models are used In studies that 
address many high-level defense mat- 
ters and produce quantitative 
measurement of the effectiveness 
of weapons, forces, and policies 
and, as such9 provide the decision- 
makers with analyses that can in- 
fluence resulting decisions (See 
pp 19 and 20.) 

An Army review of selected models 
identified several types of short- 
comings in most of the models re- 
viewed. The results of the GAO 
review indicate that the conclusions 
and recommendations resulting from 

the Army's review may be applicable 
to a maJorlty of DOD models (See 
pp 28 to 31 ) 

There are indications that the 
uncertalntles may not be adequately 
considered ln the studies employ- 
lng a computer model and that DOD 
decisionmakers frequently may not 
be made aware of the uncertalntles 
inherent in the study results 
GAO believes that the proper use 
of study results requires that the 
relevant qualifications reflecting 
the inherent uncertainty be pre- 
sented to the decIsionmaker along 
with the results It is apparent 
that, if a declslonmaker 1s to be 
enlightened and 1s to receive full 
benefit from a study, he should be 
fully Informed of the llmltatlons 
and uncertalntles and how they 
were treated, the range of assump- 
tlons that were made, as well as 
other quallfy-rng factors that in- 
fluenced the study results and 
conclusions (See pp 19 to 27 ) 

Following the highly publlclzed 
debate over the antlballlstlc 
mlsslle system, the Operations 
Research Society of America devel- 
oped and published guidelines for 
the professional practice of opera- 
tlons research and for the re- 
porting of study results 
Operations research and systems 
analysis provide DOD with quanta- 
tatlve evaluations that, in our 
opinion, are an important in- 
gredlent in its declslonmaklng 
processes We believe that DOD‘s 
adopt-ron of reporting guidelines 
slmllar to those published by the 
Operations Research Society of 
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America could lead to slgniflcant 
improvement in the utlllzatlon of 
these evaluations (See pp 25 
to 27.) 

RECOMMENDATIONS 

GAO recognizes the ongoing efforts 
of defense and military activities 
to govern and improve the use of 
computer modeling and slmulatlon 
techniques in their studies and 
analyses programs GAO's review 
indicated that additional emphasis 
was needed in this area 

Specifically, GAO recommends that 
the Secretary of Defense 

--Formally adopt, as Department of 
Defense policy, guidelines for 
reporting of study results similar 
to those of the Operations Re- 
search Society of America 

--Establish a requirement for peri- 
odic, independent technical reviews 
of computer models to insure con- 
tinued improvement in their de- 
velopment and employment as well 
as in the studies in which they 
are used 

AGENCY ACTIONS AND UNRESOLVED ISSUES 

DOD endorsed the general concepts 

Indicated in GAO's report, namely, 
that the use of large-scale compu- 
ter modeling to assist decislonmak- 
lng must be accompanied by continued 
review of these models and that 
principles, such as those outlined 
by the Operations Research Society 
of America, should be followed 

As for the establishment of more 
formal guidelines, DOD was of the 
opinion that adequate guidelines 
are present in existing directives 
and manuals, and that extension of 
reporting requirements was unnec- 
essary 

MATTERS FOR CONSIDERATION 
BY THE CONGRESS 

Weapon systems costing hundreds of 
mllllons or even bllllons of dol- 
lars, composition of future force 
mixes, and other defense planning 
and decisionmaking are often Justi- 
fied, in part, or supported by 
studies based on operations re- 
search or systems analysis technl- 
ques In conslderlng Department 
of Defense proposals, the Congress 
may wish to inquire into the stud- 
ies supportlng the proposals and 
the assumptions and uncertainties 
inherent in these studies 

Tear Sheet 
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CHAPTER 1 

INTRODUCTION 

In a prior report "Computer Slmulatlons, War Gamlng,and 
Contract Studles" {B-163074, Feb. 23, 1971), Issued In re- 
sponse to a request from the Chairman, Committee on Appro- 
prlatzons, House of Representataves, we lndncated that over 
$250 mllllon had been expended annually In those three areas 
and that we l&ended to examine other selected areas. A sub- 
stantlal part of the cost of conducting computer slmulatlons, 
war gameso and analytlcal studies was represented by the de- 
velopment and operation of models used In these actlvltles. 

A model 1s a documented set of rules, methodologies, 
techniques, procedures, mathematical formulas, and logic de- 
signed to simulate or approximate selected elements and/or 
functions of reality that are deemed essentral to the partlc- 
ular sltuatlon or system being studled. Modeling 1s one of 
the prlnclpal tools the operations research and systems anal- 
ysls community uses to simulate, r'game,'t or study complex 
problems or sltuatlons lnvolvlng (1) technlcal performance 
of equipment or systems, (2) pollcles, strategies, and tac- 
tics, and (3) force structures, lncludlng the determlnatlon 
of optimum size and appropraate mixes of personnel and weap- 
ons* Its purpose 1s to provide declslonmakers with results 
that should present obgectlve and statlstlcally reliable 
bases for declslons an these areas. 

The Operations Research Society of America describes 
operatsons research as ('a science that 1s devoted to descrlb- 
ang, understandlng, and predlctrng the behavior of man- 
machine systems operating In organlzatlonal environments," 
the practice of which, while carried out In a sclentlflc 
spirit, 1s applied science, art, or engineering 

It 1s Important to recognize that the tools and tech- 
nques used are sclentlflc, g enerally mathematics and logic, 
whereas their appllcatlon to particular problems or sftua- 
tlons can be an art. 

The essence of operations research analysis 1s the con- 
struction of a model to study and make predlctlons about the 
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real world. A model abstracts the relevant features of the 
sLtuatlon by means that may vary from a set of mathematical 
equations or a computer program to a purely verbal descrlp- 
tion of the sltuatlon In which lntultlon alone 1s used to 
predict the consequences of various choices. 

The model furnishes a loglcal structure or framework 
for the data Involved. Once operational, it provides a 
means for obtalnlng a better understandlng of a proposed 
course of actlon and for making and correcting errors wlth- 
out IncurrIng the costs or risks of appllcatlon In the real 
world. 

The model can be manipulated either manually or mechan- 
acally to obtain output results. The mechanncal operation 
of a model 1s frequently handled by computer. The computer 
has made feasible the appllcatlon of Ideas and techniques 
that involve numerous variables and many mathematical com- 
putatlons as well as numerous relteratlons using varying 
assumptrons. 

Computer model slmulatlons are used to study problems 
of the Department of Defense (DOD) by lllumlnatlng the 
quantltatlve aspects and the logical structure of the prob- 
lem area under study. Rapidly changing technology, the 
changing InternatIonal sltuatlon, and changing natlonal ob- 
Jectlves create an environment that requires defense planning 
to antlclpate and plan far into the future. 

In this complex environment, lnvolvlng a variety of 
uncertalntles, the planning process must continue and vital 
declslons with far-reaching lmplrcations must be made. The 
techniques of operations research and systems analysis pro- 
vide a systematic method of dealing with these issues. In- 
deed, experts rn this area generally feel that the quantlta- 
tive evaluation of such subJects as the potential effectlve- 
ness of new weapon systems and new force structures, as well 
as new tactics to employ these forces, in many instances, 
can be reasonably attempted only through the use of opera- 
tions research techniques. 
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USE OF QUESTIONNAIRE 

Because of the widespread use of models, games, and 
simulations by anumber of DOD activities and the technical 
complexity of these techniques, we used a questionnaire to 
obtain information regarding a relatively large number of 
models. The questionnaire was designed to assist in de- 
scribing, characterizing, and analyzing individual games, 
models, and simulations. Responses were obtained from 
the sponsors, builders, and users who, for the most part, 
were active members of the defense operations research 
and systems analysis community having special knowledge of 
individual models. 

The questionnaire was developed and published by an 
authority in the field of simulation and gaming. He also 
assisted in compiling and collating the responses. 

Initially we identified about 450 active models, sim- 
ulations, and games on hand within maJor activities of DOD. 
We subsequently selected and circulated the questionnaire 
on 135 of these, and 132 completed questionnaires were re- 
turned to us. Appendix I identifies these models and the 
principal DOD users. Our sample was selected Judgmentally, 
because we intentionally wanted to include more of the 
larger and frequently used models, games, or simulations. 
As a result the sample included 59 Army, 36 Navy, 26 Air 
Force, and 11 other DOD activities' models. 

Our work disclosed a lack of unanimity among the profes- 
sionals over the use of terms. The initial question, there- 
fore, asked the respondent whether his response concerned a 
model, simulation, game, analysis, study, or other. Most of 
them (81%) were identified as models (46%) or simulations 
(35%). In this report we use the term "model" when refer- 
ring to results obtained from the questionnaire. 

Analysis 

We tabulated and examined results of the questionnaire 
to determine critical areas and to examine trends. We re- 
searched available catalogs of models, interviewed profes- 
sionals within DOD, made inquiries concerning individual 
models, and reviewed much of the published literature. 
Analytic effort was devoted to a review of the ObJectives 
and cost of modeling along with review of recognized 



llmltatlons. By these means, we were able to lnvestlgate 
the role and value of models/slmulatlons In declslonmaklng. 
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CHAPTER 2 

COMPUTER MODELS 

IN THE DEPARTMENT OF DEFENSE 

AN OVERVIEW 

Numerous models have been developed In DOD over the 
last 10 years to cover a broad spectrum of simulated war, 
defense, and mllxtary problems. We obtained descrxptlve 
data on 132 of the models whxh, we believe, represent a 
faxrly complete portrayal of modelxng actlvxty throughout 
DOD 

From our analysrs of these data, we have developed an 
overview of model uses, costs, and characterlstlcs which 1s 
presented In thrs chapter Subsequent chapters discuss some 
of the problems of using models in decaslonmaklng and the lm- 
provements needed to enhance the use of the technique In 
DOD study efforts 

MODEL BUILDERS 

Of the models xncluded 1n our review, 45 percent were 
developed in-house and 55 percent were developed by contrac- 
tors In-house builders included such actlvltles as the 
Nataonal Mllltary Command System Support Center, U S Army 
Strategy and Tactics Analysis Group, Naval Weapons Labora- 
tory; and the Aar Force's Assistant Chief of Staff, Studies 
and Analyses 

Contractor builders Included such for-proflt fxms as 
Planning Research Corposatlon, Boeing Company, and Booz 
Allen Applied Research, Inc., and such not-for-profit firms 
as the RAND Corporation, the Research Analysis Corporation, 
and the Center for Naval Analyses. 

COST OF MODELS 

The reported costs of building 104 lndlvldual models 
totaled $28,805,500 Thbs represents an average cost per 
model of about $276,900 The cost of lndlvldual models 
ranged from about $1,200 to $3 mllllon 
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Mrlltary 
department 

Au Force 
MY 
Navy 
Other DOD 

Total 

Military 
department 

kr Force 
bY 
Navy 
Other DOD 

Total 

Cumulative 

Percent 

Cumulative 

0 to $50 to $100 to $250 to $500 to 
$99 - SE 

4 3 
6 7 
6 10 
2 2 

&g 22 

47 69 

$* 

1 
6 
8 
3 

$3,000 Total 

87 

1 18 
10 42 

4 33 
2 11 - - 

17 104 

104 - 

17 3 21 2 17 3 16 3 100 

Total Cost of Model Development 

Total costs 
Total Average 

Number development cost of 
of models cost development 

18 $ 2,586,OOO $143,700 
42 15,023,OOO 357,700 
33 8,091,500 242,200 
11 3,105,000 282,300 

j& $28,805,500 

Range of Model Development Cost 

Range of model costs In sample 

(000 omrtted) 

percentage 27 9 45 2 66 4 83 7 100 0 - 

Although the potential costs of the equipment and op- 
erations involved In the models were not speclfled, it ap- 
pears that, overall, the cost of modeling IS small compared 
with the cost of the alternatrves being examined 
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To malntaln their currency and utlllty, models are 
usually updated annually. Fifty percent of the models were 
updated at costs of less than $9,000. Thirty-eight percent 
had estimated update costs ranging from $10,000 to $50,000. 
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LENGTH OF TIME TO BUILD A MODEL 

BulldIng a model 1s generally a lengthy undertaklng 
The average reported development tLme was 18 months This 
represents the elapsed calendar time between the declslon 
to construct the model and the date of the first use There 
were 11 models that took over 3 years to build and one model, 
LEGION, that had a development time of over 7 years 

Another measurement of development time concerns the 
total man-years required to develop a model In this regard, 
30 percent of the models required no more than 1 man-year of 
effort to develop and 35 percent required between 2 and 5 
man-years of effort. 

PROGRAM SIZE 

Models vary In content and complexity. The number of 
programing lnstructlons needed for each of the models ranged 
from less than 1,000 to more than 10,000; the greatest num- 
ber of models (over 27%) required the latter. The Navy had 
more models In the over-10,000 category (33%) than the Army 
(28%) or the Air Force (19%) 

PARENTS AND ANTECEDENTS 

Many models were related to previously developed models 
and formed the basis for follow-on models. A follow-on 
model may be the refinement of a previous effort having, for 
example, reduced computer time or expanded capabllltles. 
About 60 percent of the models In our sample were reported 
to have one or more direct parents or antecedents Over 
30 percent were the parents of one or more models. 

MODEL TRANSFERABILITY 

About 18 percent of the models were generally considered 
transferable for use by another person or at another site. 
Seventy-one percent had varying degrees of dlfflculty of 
transferabrllty ranging from moderate to extremely difficult 
About 11 percent of the models were considered nontransfer- 
able Some of the reasons for this were that the model was 
classlfled, depended on speclflc facllltles or experienced 
rndlvlduals, or was very large In computational size 
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DATA SOURCES 

Input data for a model can come from many sources 
Data require updatIng, may change, and are subJect to error, 
Independent checks generally should be performed to Insure 
the accuracy, tlmellness, consistency, and overall quality 
of the data, unless the data sources are field exercises 
or actual experience, Rather than these sources, In about 
85 percent of the cases the DOD actlvltles used data ob- 
tained, In whole or In part, from other sources, Further- 
more, the input data used In about one-third of the models 
were not checked Independently. 

PURPOSES FOR WHICH MODELS ARE BUILT 

Technical, doctrinal, and force structure evaluation 
were the prlnclpal stated purposes for building the model 
(See chart 3.) 

TechnIcal evaluation concerns the slmulatlon of equip- 
ment systems to evaluate the technical aspects of the sys- 
tem's operation. Some specific instances of technical 
evaluation are comparisons of alternative systems, the 
simulation of a system to evaluate its effectiveness in a 
speclfled environment, and the study and evaluation of a 
proposed system's characterlstlcs and Its ablllty to satisfy 
its mission obJectives Examples include the use of a 
model to evaluate the effectiveness of several alternative 
radar systems In support of one or more maneuvering air- 
craft, the effectiveness of bomber penetration devices 
against selected defensive environments, and the prepro- 
ductlon design changes In a new fire control system 

Doctrinal evaluation includes the study and evaluation 
of pollcles, strategies, and tactics Examples include the 
study of the merits of a damage-llmltlng first-strike nu- 
clear attack and the evaluation of operational plans 

Force structure evaluation involves determination of 
the optimum size and appropriate mix of personnel and weap- 
ons required under various condltlons of threat and envlron- 
ment. Furthermore, alternatlves for various combat functions 
and tactics can be compared and evaluated Speclflc models 
in the sample assist In evaluating speclfled strategic 
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forces or U-A desrgnlng force mixes to accompblsh speclfled 
strategic tasks Other models consrder the capability In 
a rapld deployment sltuatlon of an alrlrft fleet to move 
troops and cargo or the effectiveness of various air defense 
forces against a speclfled threat. 



SPECIFIC USES OF MODELS 

Models were used in simulations in five major subject 
areas logistics operations, ground combat, nuclear ex- 
change, air warfare, and naval warfare. Following are spe- 
cific questions or operational problems that the models were 
used to answer. 

Logistics operations 

Models concerned with logistics operations considered 
primarily the transporting of troop-l and equipment, the pro- 
visioning (supply and resupply) of troops, and the develop- 
ment of plans of operation for cargo loading and unloading. 
For example, specafrc models used to study logistics prob- 
lems calculated the number of arrcraft sorties needed to 
transport a given cargo, evaluated the capability of a 
transportation system to meet a required delivery schedule, 
and determined the most efficient operation of an alrcargo 
terminal. 

Ground combat 

Most ground combat models simulated combat between op- 
posing ground forces to evaluate the effectiveness of spec- 
ified force and weapon structures, tactics, and environment 
or to assess the results from a change an one or more of 
these factors, The combat simulations are conducted in Ime- 
ited or general war environments. . 

Examples of questions addressed by models in this cate- 
gory included What Influence will changes in combat commu- 
nications have upon the tactical outcome? Operating in con- 
junction with ground elements, what 1s the value of the 
armed helicopter in a fire support role? and What ~~11 be 
the impact on force effectiveness by changing the mixes of 
major weapons or other systems? 

Nuclear exchange 

Nuclear exchange models simulate the offensive and de- 
fensive aspects of nuclear exchanges primarily to assess 
personnel casualties, damage to physlcal structures, and 
radiation intensities; to measure offensive and defensive 
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capabllltles; and to evaluate the effectiveness of selected 
nuclear weapons or mix of weapons against speclfled targets. 

Examples of problems nuclear exchange models have been 
used to study Include the profrtablllty of buzlding more de- 
fensive missiles versus bulldlng more offensive anrsslles or 
the coverage provided by an antlballistlc msslle sate 
against a particular reentry vehicle. 

Air warfare 

Generally, models studying air warfare depicted dlffer- 
ent aircraft in attacking and defending modes bnvolving azr- 
to-ground and air-to-air combat sltuatLons. The models pro- 
vlded a vehicle for studying desired aircraft capabilltles 
to penetrate a target and for assessing target damage. One 
model, for example, compares two opposLng aarcraft and eval- 
uates their respective capabllitles in a close-in air duel. 
In another model, the effects of aerial znterdlctzon upon a 
loglstlcal network are studled. Other models study the ef- 
fectxveness of employing bombers against the complete spec- 
trum of environments of enemy targets and defenses. 

Naval warfare 

Models used to study aspects of naval warfare Include 
prlmarlly the slmulatlon of aircraft or submarines against 
target submarines. Specific examples of matters studled III-- 
elude the effect an antlsubmar~ne warfare aircraft has upon 
a single submarine target or the antbsubmarine warfare de- 
sign features desired UI a submarme, Another model SI~U- 
lated the operation of two hellcopters and two destroyers 
through searching, locallzatlon tracking, and attackmng a 
single submarine. 
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CHAPTER 3 

REPORTING OF STUDY RESULTS 

IMPACT ON DECISIONS 

The model is the basic tool for conducting a slmula- 
t1ork. Simulation is accomplished by exercising the model 
which employs a specific set of data appropriate to the 
matter under study. The simulation produces quantitative 
results which must. be subJected to detailed analyses, The 
results of the analyses are generally reflected in the 
study's conclusions and recommendations. 

Model results can affect DOD's decisionmaking in either 
a direct or an indirect manner. Directly, the model results 
may provide the quantitative values or evaluations that are 
the determining elements in deciding, for example, to pur- 
sue the development of a particular weapon system. Indl- 
rectly, model results can impact upon decisions by providing 
the data to develop an improved model and/or results that 
become part of a larger study. 

The impact of the simulation results on a decision and 
the analyses of these results are extremely difficult to de- 
termine. Respondents to our questionnaire, however, lndi- 
cated that models had been used in studies that addressed 
such important matters as* 

--Force levels for the Joint Strategic ObJectives Plan. 

--Antisubmarine force structure for 1980. 

--Force structure evaluation for the Strategic Arms 
Limitations Talks (SALT). 

--Performance and survavablllty of the strategic com- 
munication network. 

--Vulnerability of strategic missile forces. 

--Comparison of weapons and weapon systems to satisfy 
an identified requirement. 
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Models produce quantitative measurements of the 
effectiveness of weapons, forces, and policies and, as such, 
provide the decislonmaker with analyses that influence 
resultkng decisions. 

According to the questionnaire responses, almost 
50 percent of the studies In which models were used resulted 
zn briefings at various military and civilian organizational 
levels. In most cases these brleflngs were part of the 
decisionmaking process. In addition, respondents indicated 
that in a number of instances the study results were influ- 
ential in the subsequent decision. Comments on the nmpor- 
tance of the model to the decision included0 decision on 
mlsslle system changes was made as a result of a briefing 
using this model; design features for an aircraft were based 
on this model; weapons recommended for a ship were based on 
the output of the model; and the model narrowed the number 
of alternatives and ldentifled the most cost effective 
alternative for a future Army aircraft system. 

LIMITATIONS IN THE 
OPERATIONS RESEARCH APPROACH 

The purpose of the operations research approach is to 
provide quantified results over a spectrum of situations to 
mlnlmlze dependence upon intuition. Nevertheless, the 
choices of the scenarios, equipment performance, and person- 
nel operations are based somewhat uponunknowns and uncertaan- 
ties. The extent that the model reflects the real-world 
situation depends on the accuracy of the model builders' 
judgment. The degree that model results simulate real-world 
behavior is best determined by actual comparison of the out- 
come derived by exercising the model wsth real-world occur- 
rences. 

Of necessity, many of DOD's modeling efforts involve 
events or ObJects that have not occurred, do not exist; or9 
for various reasons, preclude experimentation. Examples In- 
clude a simulation of a global nuclear war or a simulation 
of a planned but nonexistent weapon system to study its ef- 
fectiveness. In such cases, the model results often cannot 
be compared with real-world occurrences and, consequently, 
the modells predictions of real-world behavior remain es- 
sentially unverifiable. 
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In this situation it is apparent that, if a decision- 
maker 1s to be enlightened and aided by these efforts, he 
must be advised of important qualrfying factors, such as as- 
sumptlons and uncertalntles, reflected In the results. Un- 
less the decislonmaker 1s aware of the assumptions made and 
of the way the uncertainties were treated, the benefits to 
him will be substantially diminished. 

Additionally, because human Judgment has an important 
role in these efforts, disagreement over assumptions and un- 
certalntles,as well as conclusions and recommendatrons, can 
be expected. To facilitate constructive debate, it is im- 
peratlve that the quallfylng factors reflected in the re- 
sults be clearly ldentifled. 

Example of types of qualifying factors 
in a computer simulation study 

The followrng example shows some of the types of in- 
herent limitations that the decisionmaker should be advised 
of when considering the conclusions and recommendations of 
an operations research study employing a computer model. 

The study is intended to provide input to a decision 
regarding the types and mixes of weapons with which to equrp 
U.S. Forces in Europe during the1973-78time frame, The 
study's obJectlve is to determine the most effective force 
by examining the combat effectiveness of selected equal-cost 
forces of approximate division size. These forces differ In 
their mix of direct aerial fire support, tanks, antitank 
weapons, and artillery. The model used In the study simu- 
lates ground combat between U.S. and enemy unlts,and verifi- 
catron of model results with real-world occurrences is not 
possible. Consequently, the model's predictive capability 
1s uncertain. 

Discussed below are some of the more important qualify- 
ing factors which will affect the study results. At the time 
of our review, this study had not been completed, 

Model weaknesses 

A recent Army technical review identified weaknesses in 
the way the model being used in the study treats important 
real-world factors, such as terrain, target detection, prob- 
ablllty of kill, command and control, and communicatrons. 
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Uncertainties in input data 

One of the force mixes being considered in the study 
employs the helicopter in an antitank role, Army represent- 
atives conducting the study acknowledge that data on hell- 
copter vulnerability are uncertain; yet, the comparison of 
force mixes' effectiveness is dependent on assumptions re- 
garding helicopter vulnerability. 

In addition, the model is highly influenced by factors-- 
such as neutralization and suppression, recognition of a 
kill, and erroneous pinpointing of a target--even though 
few data based on combat experience are available for 
these factors. Neutralization and suppression refer to the 
probablllty of performing various activities--such as firing, 
moving, and observlng-- while being fired upon and also the 
extent to which these activities are degraded when experienc- 
ing varying degrees of incoming fire. 

Llmitatlons in the study effort 

because of time constraints and the model's lnabrllty 
to simulate varying visibility conditions, all simulations 
are conducted under good visibility conditions. ThlS con? 
straint significantly impacts upon study results. The ef- 
fectiveness of each of the weapon systems under study varies 
according to changes in visiblllty; some weapon systems are 
affected more than others. Consequently the relative effec- 
tiveness among alternative force mixes under clear vaslbll- 
aty conditions could conceivably be substantially different 
from that under poor vrsabality conditions, 

These and other factors affect the quantitative results 
of the simulation (i.e., force A consistently outperforms 
forces B and C in terms of mission accomplishment, casualtles 
induced, and casualties sustained) The exact effect of in- 
dividual factors and their cumulative effect on the slmula- 
tion results cannot be specifically determined. If the de- 
clslomaker 1s aware of, and understands, these factors, he 
should be better able to assess the simulation results. 
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INDICATIONS THAT UNCERTAINTIES, ASSUMPTIONS, AND 
LIMITATIONS MAY NOT BE CONSIDERED 

Previous General Accounting 
Office reports 

In previous reports to the Congress, the General Account- 
ing Office (GAO) noted instances where study results in the 
form of quantitative evaluations produced by computer models 
were used to support a specific alternative when, In fact, 
the studxes were heavily influenced by assumptions and study 
limitations whaeh favored the chosen alternative. 

In one recent report, "Preliminary Report on the Army 
Tactical Fire Directxon System (TACFIRE)" (B-163074, May 5, 
19701, GAO noted that the study being used to support the 
development of a new fire control system had not considered 
all the factors whrch could have adversely affected the 
performance of the system The GAO report noted that, al- 
though the study showed an increase in capabilIties by using 
the proposed new system, the study failed to consider cer- 
tain factors that could have offset the small margin of ad- 
vantages that the samulatlon showed for the new system. 

This GAO report showed that the Office of the Secretary 
of Defense, upon review of the study, requested the Army to 
reconsider and reverify certain assumptions and costs that 
were used an the study, In addition, the Army was advised 
that specific-uncertainties an the proposed new system should 
be resolved in the study and that the Army should recognize 
that study results should show differences large enough to 
overcome the Inherent lack of precision an simulations of the 
kind used an the study. 

Another GAC report to the Congress, "Analysrs and Alter- 
natives: The AGM-53A Condor Program" (B-160212-2, Dec. 31, 
19701, examaned two studies that employed computer models. 
These studies eoimpared the cost and effectiveness of two 
competing weapon systems to satisfy a mission requirement. 
One of the competing systems was already operational, and 
the second was under development. One of the studies was 
conducted by the Navy, and the other was conducted by the 
contractor that developed part of the operatxonal system. 
Both studies, which used the same basic input data, were 
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conducted In a similar manner The two studies resulted in 
opposite conclusions because of the differences In assump- 
tlons made regarding speclflc combat environments that would 
be encountered and the tactics that would be employed The 
maJor assumptions which affected the conclusion reached in 
DOD's and the contractor's studies were 

1 The targets to be attacked 
2 The enemy defenses to be encountered. 
3 The number and type of aircraft in the strike force. 
4 The tactics to be used by the attack force 

Although identical data and simulating techniques were used 
to study the same problems, completely different results 
were obtained as a result of the different assumptions used. 

Other indlcatlons exist that DOD decislonmakers fre- 
quently may not be made aware of the uncertarntxes inherent 
in the study's results In a keynote speech to the 25th 
Military Operations Research Symposium in June 1970, the 
then-presxdent of the Military Operations Research Society 
expressed a vlewpolnt that the declsionmakers often receive 
highly summarized, quantltatlvely supported proposals result- 
ing from studies employing unverified models with llmated 
lnformatxon regarding the many uncertainties and risks as- 
sociated with the underlying data 

In addition, an Army ad hoc committee in Its May 1971 
report entitled "Review of Selected Army Models?' made the 
following observation 

"In sum, the Army's gaming and slmulatxon capa- 
bility has grown, an the short span of about 20 
years, from a narrow military and mostly train- 
ing procedure to a varied, scattered, and almost 
routine study methodology, applied to a wide 
range of problems from counter-insurgency to nu- 
clear war and from the M-16 to the C-5A. More 
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IMPORTAJXE OF IDENTIFYING ASSUMPTIONS, 
UNCERTAINTIES, AND LIMITATIONS-- 
THE ANTIBALLISTIC MISSILE DEBATE 

The drfficulties that can arise when operations research 
studies are used to support a position wlthout making a full 
disclosure of the inherent assumptions to the decisionmakers 
are illustrated by the following example. 

In 1969 a public debate occurred over confllctlng anal- 
yses presented to the Senate Armed Services Committee con- 
cerning the need for the antlballistlc missile (ABM) program. 
During the debate, eminently renowned experts using operations 
research techniques reached contradictory conclusions about 
the need for, and expected effectiveness of, the proposed 
system. 

A subsequent analysis of the debate by an ad hoc com- 
mittee on professional standards of the Operations Research 
Society of America, a professional society of operations re- 
search analysts, identified what it considered the primary 
reasons for the contradictory conclusions. The different 
conclusions were attributed to differences in assumptions 
about enemy capabilities and value estimates for weapon 
yields and target vulnerablllties used by the opposing ana- 
lysts. The committee indicated that during the debate these 
differences were not evident. 

The vle*olnt of the Operations Research Society of 
America's committee concerning the effect of contradictory 
conclusions by operations research practitioners 1s stated 
in the following statement from its report. 

When public debate is Joined by eminent practi- 
tioners of operations research, advocating op- 
posing positions on important issues and offer- 
ing apparently contradictory testimony (all 
based, in part, on operations research methods), 
the confidence of the public in this approach 
may be undermined, and the decision makers to 
whom the testimony is being offered may become 
confused rather than enlightened." 
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As a result of this lnqulry, the Operations Research 
Socrety of Amerrca's commlttee formulated guldellnes for 
professional practices of operations research, which are 
Included as appendix II. One area addressed by the commit- 
tee's guldellnes concerned reporting study results and 
Included, among other things, the following guidance for 
operations research analysts. 

--Report clearly the problem formulation finally adopted, 
the key assumptions used, the maJor alternatives con- 
sidered, the essentials of the Input lnformatlon (and 
lnaccuracles therein), the crlterla employed, the 
findings (rncludang their sensrtlvlty to realrstlc 
changes In assumptions or the uncertainty In data), 
and their lmplrcatlons for polrcy and action, 

--Delineate consclentlously what was accomplished by 
the study and, perhaps even more Important, what was 
not consrdered or accomplished. 

--Specify the llmltatlons on methodology or conclusions 
that should be observed and specify with candor in- 
stances where deflnrtlve results are not provrded by 
the analysrs. 

The ABM debate 1s a good example of the confusion that 
can result when inherent assumptions, asslgned values, and 
other important factors and/or quallflcatlons are not 
clearly presented with the study results. 

At all levels In the defense establrshment, dlfflcult 
declsrons must be made on important and complex matters. 
Often alternatlves presented to the decrslonmaker are sup- 
ported, In part, by studies based upon operations research 
techniques. Srnce these studies rely, In large measure, 
upon computer slmulatrons which have certarn fundamental 
limrtations, a precise presentation of these llmrtatlons to 
the declslonmaker IS required to realize the full contrlbu- 
tlon that operations research can make to problem solution. 

Adoptron by DOD, In its studies and analyses program, 
of the Operations Research Society of Amerrca's guldellnes 
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concerning the reporting of study results could lead to 
sl-gnlflcant improvement in the use and understandlng of op- 
erations research and systems analysis In defense planning 
and declslonmaklng. 
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CHAPTER 4 

IMPROVEMEWTS NEEDED IN MANY MODELS 

The development of models having maximum utlllty In 
studying the many complex problems facing defense declslon- 
makers requires careful attention to both the technical 
aspects of model development and the accumulation of various 
types of data to be used 

After the start of our lnltlal efforts In this area, the 
Army reviewed a number of important models which considered 
problems concerning the composltlon and size of ground com- 
bat forces and related support requirements The results of 
this review were presented In a May 1971 publlcatlon entltled 
"Review of Selected Army Models 'I The review was conducted 
by an ad hoc committee of professionals assisted by several 
consultants 

In dlscusslng the need for a review of models, the com- 
mlttee recognized the recent Increase rn the number of 
models--many with slmllar functions--and the problem of de- 
ciding when the development of additional models 1s required 
The committee also commented on the time and cost requared 
to develop and operate models and on the serious questlonlng 
of model credlblllty by declslonmakers 

The Army report ldentlfles a number of problem areas 
and makes recommendations concerning the development and 
use of models which, based upon our review, may also be 
characterlstlc of modeling efforts within other DOD actlv- 
ities 

TECHNICAL ASPECTS OF MODELS 

The Army Identified serious weaknesses in all the models 
reviewed and recommended that. 

--Some models not be used any longer because of their 
limitations 

--Certain models be used for studying certain types of 
problems 
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--Speclflc improvements be made In zertaln models 

--Research be undertaken to Improve modeling capablll- 
ties 

Our review lndlcated that 45 percent of the models we 
surveyed had not been independently reviewed by professlon- 
als In operations research It seems likely, therefore, 
that slmllar shortcomings may be found in DOD models that 
have not been revlewed Review of these models could pro- 
vlde a basis for substantial improvements in the models as 
well as in the studies employrng them 

QUALITY, AVAILABILIT'Y'AND SENSITIVITY OF DATA 

For selected models, the Army committee revlewed the 
data requirements, the source and rationale for the data 
being used, and the sensltlvlty of the model to the data 

With respect to the source and rationale for data used, 
a number of factors were ldentlfled in the models for which 
little real-world data exists but to which the models are 
highly sensltlve The Army identified this sltuatlon as a 
serious problem which requires the lnltlatlon of a research 
program to develop a better understanding of these factors 
and better data for use In the models 

Our review lndlcated that most DOD models used some un- 
certain data or data based on SubJective and 1ntLutlve ~udg- 
ments According to respondents 81 percent of the models 
used data characterized as of considerable uncertainty 

The process of determining the extent that model results 
are dependent upon certain data or comblnatlons of data 1s 
known as sensltlvlty analysis More specifically, sensi- 
tivity analysis determines the extent the output of a corll- 
puter model will be influenced by changing the values of the 
various factors being considered 

We found that 49 percent of the models sampled had not 
had sensltnvlty analysis performed It is especially im- 
portant to investigate the sensltlvlty of the model's re- 
sults to changes In the various factors when they are rep- 
resented by an estimate or assumption Moreover, profession- 
als in the operations research field generally agree on 
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the worth and Importance of sensltlvlty analysis to a model- 
lng effort 

We learned that adequate sensltlvlty analysis 1s fre- 
quently not performed and that this 1s a serious shortcoming 
Given the reliance of most DOD models on uncertain data and 
the extent to which sensltlvlty analysis has not been per- 
formed, It. sesms likely that the slgnlflcance of the data 
problem, the need for a research program, and greater use 
of sensltlvlty anslysls may be applicable to modelsng efforts 
throughout DOD 

Addltlonally, the Army recommended that sensltlvlty 
analysis be performed whenever possible As part of Its 
general conclusion, the Army report stated that 

"In many cases models are not subJected to de- 
tailed technlcal review and are not validated in 
any other way Some of the complex slmulatlons 
contain many lmpllclt Inputs such as detectlon 
factors, declslon factors, transltlon probablll- 
ties The rationale for such InGuts in most 
cases 1s not documented and they have never been 
revlewed, Improved, or updated There 1s rarely 
enough funding for sensltlvlty analysis and, Lf 
performed, they are not documented 

"The lack of contlnulty of personnel and the 
great complexity of the models often have re- 
sulted In models being used like 'black boxes' 
with neither the modeling grou? nor the sponsor 
subjecting the model to careful review to make 
sure that the moael 1s really valid for the pur- 
pose employed I9 

The ad hoc commlttee recommended that a sclentlfrc ad- 
visor organlzatlon be formed to develop an Army model devel- 
opment program Such a program would include ldentrfylng 
data and research requirements, coordlnatlng technlcal re- 
views of models, and analyzing proposals for new models 
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CONCLUSION 

The results of the Army's revpew of Its models, the 
extent to whzch shortcomings were ldentlfled, and the lack 
of reviews of a substantial portion of DOD models raise the 
question of whether similar shortcomings may be found In 
other DOD models. 

The Army has taken a needed step to improve the quality 
of the models used to address important Army problems. We 
believe that substantial improvements sn the models, as well 
as the studies in which they are employed, could result if 
the Offlce of the Secretary of Defense required the other 
defense and mllltary activntles to undertake perlodzc, inde- 
pendent reviews of their models srmllar to those accom- 
plished by the Army. 
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CHAPTER 5 

AGENCY COMMENTS AND OUR EVALUATION 

DOD offlcrals endorsed the general concepts Indicated 
III the report, namely, that the use of large-scale computer 
modeling to assrst decrslonmakang must be accompanied by 
contrnued review of these models and that prbnclples, such 
as those outlhned by the Operations Research Society of 
America, should be followed. They indacated that the fun- 
damental theme of these guidelines was that computer model- 
mg should be used rn a professional manner and that DOD was 
aware of the need to follow these practices, 

Concernmg our recommendatzon to establish more formal 
gurdelmes, DOD offacials expressed the opmion that ade- 
quate guidelines are present rn existing dlrectlves and man- 
uals, and that the extension of reportvlg requirements was 
unnecessary. 

We fully agree that the fundamental theme of the Soci- 
ety's guidelines is that computer modeling should be used 
m a professional manner. We also acknowledge that the 
Office of the Secretary of Defense and the mrlltary depart- 
ments have made considerable effort to ensure that computer 
modeling IS conducted in a professsonal manner. 

Thrs report 1s not untended to detract from this effort 
but rather to encourage bncreased effort, Continurng em- 
phasis is necessary because* 

I o Computer modelzng and simulataon continues to play 
a s~gnifrcant role LPI the DOD decfsionmakrng process. 

3. Many declsionmakers who are exposed to study results 
based on these techniques are not analysts; there- 
fore, It zs 2mportan-t that they be made aware of 
the limitations inherent rn these study results. 

3. Our questionnaire responses indicated that, III a 
szgnifrcant number of the models surveyed, certain 
actions, such as urdependent technical review and 
sensitivity analysas whrch are crztrcal to the iden- 
trfrcatron of model lma~tations, had not been done. 
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4. Prior GAO reviews and statements of professionals 
and professional organzzations have mdxated that 
study assumptions and llmxtatlons tierent I.II the 
model and zn the underlyxng data have not always 
been fully disclosed. 
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CONCLUSIONS AND RECOMMENDATIONS 

Systems costing hundreds of mllllons or even bllllons 
of dollars, composltlon of future force mixes, and other 
defense planning and declslonmaklng are often Justified 
and/or supported by studies based on operations research 
and systems analysis technques. Computer 
frequently to process the data and produce 
evaluatrons that Influence the studies and 
decisions. 

models are used 
the quantltatlve 
the resultrng 

As lndrcated in this report, computer models have cer- 
taln fundamental lrmltatlons and these, along with such 
other quallfylng factors as assumptions and uncertalntres, 
are reflected in study concluslonss In order for a declslon- 
maker to realize the extent of the contrJbutlon that opera- 
tions research can make, and has made, to problem solution, 
he should be aware of all the qualifying factors whxh 
influenced a study's conclusion. 

RECOMT!lENDATIONS 

We recognrze the ongolng efforts of defense and military 
activltres to govern and improve the use of computer model- 
ing and simulation techniques in their studies and analyses 
programs. As a result of our revrew and after analysis of 
the comments received, however, It IS our oplnlon that addl- 
taonal emphasis is needed In this area. Specifically we 
recommend that the Secretary of Defense* 

--Formally adopt as DOD policy, guldelxnes for the 
reporting of study results slmllar to those of the 
Operations Research Society of America. 

--Establrsh a requirement for perrodx, independent 
technxal reviews of computer models to Insure con- 
trnued improvement In their development and employ- 
ment as well as In the studies In whrch they are 
used. 
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APPENDIX I 

MODhLS INCLUDED IN THE QUhSTIONNAIRE SURVEY 

Sponsoring activity 

DEPARTMENT OF THE ARMY 
Combat Developments Command (CDC) 

0ff.ic.e of the Deputy Chief of Staff 
for Mill&try Operations (CCSOPS) 

OffIce of the Assistant Vice Chief 
of staff army (AVCSA) 

Office of the Assistant Chief of Staff 
for Force Development (ACSFOR) 

Computer Systems Command tCSC) 

Offlce of the Deputy Under Secretary 
for Operations Research (ODUSA (OR)) 

Offlce of the AssIstant Chief of Staff 
for Intelligence (ACSI) 

AntI-balllstlc msslle Development 
Age1~2y (ABMDA) 

Model name 

Stano system assessment model (Stan0 Phase I SAM) 
Trans hydro craft 
Sehniteops aggregate cost 
Dynamic tactical simulator x (DYNTACS xl 
New unit cost model modification 
Dynamic tactlcdl srmulator (DYNTACS) (Tank weapon 

system) 
Evaluate (VALUAT v) 
War game B with offset (WAuMBO) 
Nomographs-(NO&S) 
Effect 3 + 4 
Atomrc demolltlon munltlon (AL&i) 
Determlnlstlc mix evaluation worldwide (LMEW) 
Tactical air defense computer srmulation (TACOS II) 
Graphics 
HOVARM 
Target acqulsltlon model (TAM) 
Tank antltank air cavalry simulation (GLOBAL I) 
HOVER 
Theater battle model (TBM) 
Information flow and combat effectiveness (ADVICE I 
Corps battle model (CBM) 
Drvlslon battle model (DBM) 
Computerized tacsprel 
TheaterspIel 
Vehicle m1sslon processor based on least times 

(VEMPBOLT III> 
Individual urut actlon (ATMIX IUA) 
Small infantry urut slmulatlon (SINUS) 
Synthetic tactics (SYNTAC) 
Dlvlsron through Army group war game (DIV'TAG II) 
DIVWAG 
Comblnea arms combat llmrtatlons (MOD-FILTER) 
Ground combat communlcatlons slmulatlon system 

(COMMEL) 
Artillery evaluation model (LEGAL MIX IV) 
Effects of varying evacuation pollcles upon the 

U S Army(Evacuatlon Policy) 
FLAMr,I 
Individual unzt actlon simulation (TATAWS III> 

Target acquisition routine III (TAR III) 
Survival probability hazard in a nuclear exchange 

(SPHINX II> 
A tactical, loglstlcal and air simulation (ATLAS) 
LEGION 
Oblectlve force designer (OFD) 
TARTARUS IV n/COCO 
ORION 
FORECAST II 
Global distance routine (GDR) 
Preliminary force designer (PFD3) 
NEWCON 
OPSTRA 
Prellmlnary force designer Inter-theater movements 

slmulatlon (PFD SAM) 

An Improved technique for evaluating the structure 
of U S Army forces in an area domlnatlon role 
(AREA DOMINATION II) 

Force analysis of theater adminlstratlon and 
loglstlcs support (FASTALS) 

The candidate families methodology 

Cost effectiveness model 
TACFIRE effectiveness evaluation model (TEEM) 
Information flow and combat effectiveness model 

(ADVICE II) 

Strategic weapons exchange models 
( SWEM) 

Soviet capabllltles - Army 
(SOVCA) 

Strategic attack and response 
(STAR III) 
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APPENDIX I 

LIFPP~THENT OF THE NAVY 
Systens Analysrs and Long-Range 

Oblectrves Dlvlslon of the Program 
Plannrng Offrce (OP 96) 

Yodel name 

Fire Support Study Group of the 
Amphlblous, Mine and Special Warfare 
Dlvlslon, Deputy Chief of Naval 
Operatrdns (Fleet Operations and 
Readiness OP-37D) 

Office of Strategic Offensive and 
Defensive Systems COP-97) 

Offlce of Antlsubmarlne Warfare 
Programs COP-95) 

Antl-SubmarIne Warfare Systems ProJeLt 
Offrce Naval Material Conrmand (PM-4) 

Advanced Systems Dlvrslon, 
Material Acquisitron DIrectorate, 
Naval Arr S stems Command 
(NAVAIR 503 r 

Naval Ordnance Systems Command 

Naval Undersea Research and Develop- 
ment Center 

U S Marine Corps Landing ForLe 
Development Center 

Detarled shrp loading (DSL) Sustarned attrltlon mane- 
field evaluation (SAYEN) 

Vehicle and equrpment requirements srmulatlon (VERS; 
ASW air systems (ASwAS) 
Fleet anti-shop mlsslle engagement (FAME) 
Nuclear exchange model (NEMO III) 
ASW graphical resource allocation model (ASGRAM) 
Contrnuous fleet operatlonsltactlcal operatrons 

Campaign execution model (CEM) 
SUBDUEL I 
Countering the antl-ship missile (CAM-SAM) 
Slmulatlon of arr-to-air battles (SAAB) 
Nuclear exchange (CODE 50) 
ASW programs surveillance engagement model 

(APSURV MOD-l) 
Air ASwmodel (ASWASP) 
Mznefleld analysts with hunting evaluation (MAYHEM) 
SubmarIne ASW engagement model (SASwEM-1) 
Network srrrulator 
Ship-to-shore (ST%2) 
Submarine barrret (SUBBAR) 
Shore party operations and loglstlcs (SPOL) 
SubmarIne tralllng evaluation model (STEM) 
Sea warfare Integrated model (SWIM II) 
ASW localization, track and kill (LOTRAK II) 

Fire Support srmulatlons (FSS) 

Strategic force mrx 
Strategic lnternatlonal relations nuclear exchange 

(SIRNM) 

APAIR 
Surface ship (APSURF-MOD-l) 
Submarme (APSUB MOD O-1) 
&SW program campaign model (AXAMP) 

ASW escort engineering (ASESEM) 

Localization and systems characterlstrcs analysis 
n.Axm) 

AntI-arr warfare system effectiveness model (AAWSEM) 

Multi-shop ASW smnulatlon 

Marine amphzblous deployment slmulatron (MARADS) 
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DEPARTMENT OF IHE AIR FORCE 
Offlce of AssIstant Chref of Staff 

for Studres and Analysis 

APPENDIX I 

Model name 

Deputy Chref of Staff, Plans and 
Operatrons 

Tactrcal arr capabrlrtres avronrcs energy maneu- 
verabllrty evaluatron and research (TACAVENGER) 

b0mbrng srmulatron (B~MBSIM) 
Saber Infantry (INFANTRY) 
TACAIR 
Penetratron evaluation gamrng analysrs stratedrc of- 

fenslve studies (PEGASUS) 
Fighter axrcraft penetratL& assessment (FAIRPASS) 
Slmulatlon of utrllzatron resources, cost and effl- 

clency (SOURCE) 
Tactrcal fighter weapon effectrveness model (WEAPON) 
Combat bombing weapon flrrng program (COMBO) 
Advanced penetration model (APM) 
Surface-to-arr mlssrle (SAM) 
END0 I 
Multrple penetratron and sate srmulator (MPASS) 
EXO atmospheric (EXO I) 
Arr contingency termlnal simulator (ACTER) 
Strategrc assured destructlon and damage llmltrng 

evaluation (SADDLE) 
Geometrrc Interceptor analysrs technaque (GIANT) 
err tactral operatrons model (ATOM) 

Operational analysrs strategrc Interactron srmulatron 
(OASIS 71) 

Headquarters Aerospace Defense 
Command Ent AFB Colorado 

Space Defense planrung srmulator (SDPS) 

Air Force, Director of OperatIonal TAFCOM 
Requrrements and Development Plans UNCLE 

OTHERDOD 
Natlonal Mllztary Command System 

Support Center (NMCSSC) 
Comprehensive blast and radlatron assessment system 

(COBRA) 
Arsenal exchange model (AEM) 
Alrcraft loader (LOADER) 
Sxaulatlon of contingency air ternnnal (SIMCAT) 
VALIMAR 
Gross feaslbllrty estrmator (GFE III) 
Strike planning arrcraft requirements evaluatron 

(SPARE) 
Deployment loglstrcs requrrements (DELOG REQ) 

Joint Staff Loglstrcs DIrectorate Srmulatlon of alrllft resources (SOAR) 
Transportatron requirements and capabrlrtles simulator 

(TRACT 
Posture system 
European theater network analysis model (FINAM) 
Mrlltary alrllft capabrllty estimator (MACE) 
Movement requlrements generator (MORG) 
Transportation movement planning system (TRAMPS) 
To help evaluate feasible transportation (THEFT) 
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APPENDIX II 

INTRODUCTION 

Since Its mceptlon m 1952, the Operatrons Research Society of 
America (ORSA) has had as Its purpose (as stated m its 
Constltutlon) 

the advancement of operattons research through exchange of mformatlon, 
the establishment and mamtenance of professional standards of competence for 
work known as operations research, the Improvement of the methods and 
techmques of operations research, and the encouragement and development of 
students of operations research 

It has served these four main areas of purpose m a variety of ways 
However, the second one- “the establishment and mamtenance of 
professional standards of comp:tence for work known as operations 
research’- has been largely accomplished by holding up examples of 
excellent work, and by the efforts of mdlvldual ORSA members, 
usmg the tools of mteractlon and exchange that ORSA has helped to 
provide 

In recent years, operations research has been employed 
mcreasmgly as an aid to highly placed declslon makers both m 
private industry and m government With the aid of operations 
research, declslons are being made on malor policy issues that can 
affect the well bemg of everyone It is, therefore, more important 
now than m the past for the practice of operations research to be 
undertaken with the highest professional standards 

When public debate IS Jomed by eminent practitioners of operations 
research, advocatmg opposing posltlons on Important issues and 
offering apparently contradictory testimony (all based, m part, on 
operations research methods), the confidence of the public m this 
approach may be undermined, and the declslon makers to whom the 
testimony IS being offered may become confused rather than 
enlightened 

Clearly, It 1s important for ORSA to attempt a forthright 
shtement on the professional practice of operations research 

The ORSA Council, being cognizant of its responslblhtles, 
estabhshed a CommIttee to prepare such a statement This document 
1s the product of that Committee’s endeavor and has been approved 
by the Council for widespread dlssemmatlon 

GUlDELINES FOR PROFESSIONAL PRACTICE 

Operations research (OR) 1s a science that 1s devoted to describing, 
understandmg, and predIctmg the behavior of man machme systems 

1127 
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operrttmg in org-m17atlon?l environments * lfowever the practice of 
operations research, whole carried out In a sclentrflc splrlt,’ IS applied 
science, art, or engmeermg 

We ~111 present guldehnes for professional practice delmeated as 
General, Begmnlng a Study, Conductmg a Study, Reportmg a Study, 
Revrewmg a Study, Followmg Up Studies 

General 
In dealing with a problem posed by an operating organization, arl 

operations anaIyst should 
o Apply the sclentlflc spirit (open, exphclt, and obJectlve) to hu 

work 
o Take a broad and disinterested view, free of parochlallsm, 

mflexlblhty, or prior prejudice, that includes a hvely sense of the 
pubhc interest, as well as of the narrower interests of the 
organtzatlon mvolved 

o Become thoroughly famlhar mth all aspects of the 
orgamzatlon’s operations relevant to the problem, as well as forces 
out&e the orgamzatlon that can impact on It 

o Be responsive to the evidence adduced either as inputs or 
outputs of the study 

o Be equipped to bring to bear on the problem the most modern 
knowledge, approach, and techmques of analysis, while avoldmg 
known pitfalls 

o Consider alternatlve approaches to the problem 
e Obtam access to all mformatlon that can reasonably be thought 

to be needed for the problem’s solution, or to have a possibly 
srgmflcant bearing on it 

e Scrupulously observe any ground rules about conf~dentlahty laid 
down by the orgamzatlon being served 

e Report the study’s results only to the orgamzatronal elements 
sponsormg the study, unless speclflcally directed by them to report 
to a wder audience 

e Keep the sponsormg elements as fully involved and informed on 
the work throughout Its duration as is reasonable and feasible 

e Be aware of the fact that in many complex sltuatlons the study 
may dlummate only a portlon (albeit a sigmflcant one) of the total 
problem 

* Related terms such as management scwnce systems analysis and economic 
analyses are sometlmes used to describe operations research A more complete 
drscuss~on of OR IS g~vcn In Appendlv I 

‘A dlscuwon of some of the aspects of the sclenkfic spirit 1s given I* 
Appendix I 
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Gurdehnss for The Practm of OR 1129 

In Begmnmg a Study 

Expelrence has shown that establlshmg an adequate mltlal 
framework for a study 1s a key step that frequently plays a declslve 
role m its ultimate success Therefore, rn close cooperatron with the 
clrent throughout thrs step, analysts should 

Q CoIlect mformatlon and data adequate to provide the lnltial 
framework for the study 

e Take great care in formulatmg the problem or issue to be 
addressed, keepmg m mmd the client’s needs 

0 Use both lmagmatlon and meticulous attention to detail m 
designing alternatives for examination in the study 

e Recognize exphcltly the uncertamtles associated with the 
problem 

o Understand the subdectlve@, as well as objective, aspects of the 
problem 

l Evolve appropriate crlterla on the basis of which the study’s 
results can be evaluated 

l Describe the limits of the proposed study, so that both analyst 
and client have a clear idea of what will not be done, as well as what 
wdf be done 

l Recognize that many of the elements mvolved m this step rray 
have to be revised as the study proceeds, m the hght of the 
knowledge the enquiry generates 

In Conducting a Study 

In this step, whose activities center largely in the analytical staff, 
the analysts should 

* Assemble relevant mformatlon and data of verified rehablhty, or 
lf not avaIlable, inputs of Judlclously and suitably estimated 
unrehablllty, so that the impacts of uncertamty can be assessed in 
the results 

l Use (develop or choose) the best relevant models and technical 
tools ind use them with a rigor appropriate to the problem m hand, 
while at the same time achieving a reasonable balance between the 
demands of the problem and a reasonable economy of effort 

* Employ appropriate accuracy checks, wherever possible 
l Check the sensltlvlty of the results to vanatlons in assumptions 

and inputs, and especially to uncertainties identified m the 
formulation, or the input data 

0 Keep m mind the need for a contmumg reassessment, throughout 
this step, of the formulations and assumptions with which the 

40 



APPENDIX II 

1130 Gwdelmes for The Practvx of OR 

analysis began, and of changmg them and recychng the analysts when 
this appears to be needed 

In Reportmg a Study 

Recognlzmg that the ultimate effectiveness of a study critically 
&pen& on how well its fmdmgs are communrcated, understood, and 
then acted upon, the analyst should 

o Insofar as possible, use the vocabulary of his client, mtroducmg 
only such new concepts and termmology as are essential to 
understanding the fmdmgs (the Jargon and technlcahtles of 
operations research should be avoided to the greatest extent 
posable) 

. Report clearly the problem formulakon finally adopted 
(perhaps changed from the one with which the study began), the key 
assumptions used, the maJor alternatlves considered, the essentials of 
the input mformatlon (and maccuracles therein), the criteria 
employed (also perhaps changed from the ones with which the study 
began), the fmdmgs (mcludmg then- sensltlvlty to reahstlc changes m 
asstimptlons, or the uncertamty m data), and then lmphcatlons for 
pohcy and actlon 

a Delineate consclentlously what was accomphshed by the study, 
and perhaps even more Important, what was not considered or 
accomplished 

l Specify the hmltatlons on methodology or conclusions that 
should be observed, and spell out with candor instances where 
defmltlve results are not provided by the analysis 

a Set the study m the larger context appropriate for It 
0 Prepare a written report on at least two levels one for the client 

followmg the precepts outlined above (both a short and long form of 
this report are frequently useful), and another fully technical report 
that can be examined by operations and systems-research scientists 

e Be prepared to participate in any follow up or lmplementatlon 
actlvltles, both to assist with them and to evaluate their results 

In Revlewlng a Study 

In reviewing studies arlsmg from OR practice, either one’s own 01 
someone else’s, It is particulally Important to heep m mind that this 
practice 1s performed m a scientific spirit Therefore, m this role the 
analyst should 

. Test the work agamst the gutdelmes presented above 
* Be rigorous but fair m his thought 
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. Be candld about the basis for his statements 

. Be reahstlc about his demands m the hght of the context and 
scope of the study bemg examined 

. Avoid ad hommem attacks, either veiled or overt. 

Source of appendix II. 
Operations Research Socxety of America Journal, September 1971 
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ASSISTAM SECRETARY OF DEFENSE 
WASHINGTON, D C 20201 

20 MAR 1973 

Mr. James H. Hammond 
Deputy Director, Procurement & Systems 

Acqulsltlon DIVI slon 
General Accounting Offlce 

Dear Mr. Hammond 

As requested by your letter of January 15, 1973, the GAO draft 
report, "Advantages and Limitations of Computer Slmulatlon In Decision 
MakLng" (OSD Case #3568) h as been reviewed by those components of the 
Department of Defense who make wide use of slmulatlon techniques. 

The Department of Defense endorses the general concepts indicated 
by the GAO, namely, that the use of large scale computer modeling to 
assist declslon-making must be accompanied by continued review of 
these models and m addltlon that principles such as those outlined 
by ORSA should be followed. The DOD has been aware of the need to 
follow these practices, as was referenced In the GAO report (page 22). 
In fact, the fundamental theme of the ORSA report, from which the 
GAO report quotes, 1s that computer modeling should be used in a 
professional manner. 

As to the recommendation for establishment of more formal guide- 
lines, it 1s the opinion of the DoD that adequate guidelines are present 
In existing dlrectlves and manuals, and that extension of reporting 
requirements is unnecessary. 

Ektclosed for your lnformatlon are the comments of the DOD 
Components which address the specifics of the report. 

The opportunity to renew and comment on this draft report 1s 
appreciated. 

Sincerely, 
/-- .* 

of Defense 

Enclosures (4) 
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